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ABSTRACT 

Growth performance of imported water lily varieties (Nymphaea sp.) was studied under the 
environmental conditions of Kuwait. The study focused on evaluating the vegetative and 
reproductive parameters of 15 varieties of water lily procured from China. The design of the 
experiment was Completely Randomized Design (CRD) with three replications. Rhizomes were 
planted in one-gallon containers filled with a growing medium comprising of sand: sphagnum peat 
moss (2:1 v/v) and placed in pond compartments filled with fresh water. Data on petiole length, 
number of leaves, number of flowers and leaf width were statistically analyzed using R method. 
The analysis provided a clear picture on the performance of different water lily varieties under arid 
conditions. The study revealed that a number of water lily varieties had good potential for growth 
and adaptability to the climatic conditions of Kuwait. Varieties such as N. mexicana, N. 
sumptuosa, N. texas, N. rosea, N. Perry’s Baby Red, N. colorado, N. odorata and N. sunrise 
produced attractive floating foliage and gorgeous flowers of various colors and, provided charm to 
the water garden. During the winter months growth was drastically reduced with indicator leaves 
remaining submerged underwater while during summer, the plants resumed their growth activities 
and started blooming. 
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INTRODUCTION 

Water gardens are a wonderful way to enjoy the natural 
beauty of water plants, and they are becoming one of 
the most popular features in landscape projects. The 
aesthetic value of water gardens is enhanced by the 
unique design and planting options. The sound of 
moving waters not only blocks out unwanted noise such 
as traffic, but also calms the mind and spirit Johnson 
(2000). Water plants are the most important component 
in the water gardens ecology, since they produce 
oxygen (O2), remove and recycle nutrients and provide 
shade and hiding places for the inhabitants Masser 
(1999). Even though many plants are available for use 
in water gardens, factors such as water depth, amount 
of sunlight and how each species relates to the 
surroundings must be taken into account during their 
selection. 

The State of Kuwait is characterized by its adverse 
climatic and environmental conditions like extreme 
temperatures, low soil fertility and scarce water 
resources FAO (2004) and hence, only hardy and salt-
tolerant species can be grown successfully for greenery 
purposes. Thus, it has become vital to investigate ways, 
which can help to augment the greenery and landscape 
development in Kuwait without depending on fertile 
soils. Therefore, water gardening can be used to 

complement regular terrestrial gardens to increase the 
green surface in landscape projects and introduction of 
water plants to the urban landscape of Kuwait will help 
enhance the aesthetic value, while also diversify the 
existing vegetation pallet. Even though water plants are 
suitable for a wide variety of climates including the 
desert climate, a study on the development of water 
gardens in Kuwait is important. Among the water plants, 
water lilies are one of the most valuable aquatic 
ornamental plants with a bright potential to become a 
multimillion-dollar commodity in the floriculture trade, 
and could be exploited in urban landscapes for 
aquascaping and restoration projects Kane (1992) and 
Huang et al. (2009). Water lilies are in the family 
Nymphaea Anon, (2008) and they are adaptable to the 
climatic conditions of Kuwait (Al-Menaie and Al-
Zalzaleh, 2000). Hence, the Arid Land Agriculture and 
Greenery Department at the Kuwait Institute for 
Scientific Research (KISR) conducted a detailed study 
using 15 different cultivars of water lily with the objective 
of assessing their growth performance under Kuwait’s 
conditions.  

MATERIALS AND METHODS 

The study was conducted at the Urban 
Demonstration Garden Site (UDG) of KISR, Kuwait 
as an enduring attempt to test the viability of 
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establishing a domestic production base for imported 
water lily varieties. Water plants need proper growing 
medium, adequate amount of sunlight, nutrients, 
carbon dioxide (CO2) and optimum pH level for better 
performance. Since water plants are not available in 
Kuwait, they need to be imported. The performance 
of imported varieties may vary depending on factors 
such as water depth, amount of sunlight and how 
each species relates to the surroundings and hence 
these factors must be taken into account during their 
selection. 

Site selection for water gardening is obviously very 
important and a suitable location was identified and 
selected in accordance with the master plan of UDG. 
This area is having high visibility, access to plenty of 
direct sunlight, away from trees and bushes to 
prevent leaves and debris from collecting in the water 
and has source of both fresh and brackish water, and 
electricity. The available greenhouse and shade 
house at the site were prepared for temporary 
incubation of water plants. A concrete pond of size 30 
m x 10 m was constructed and was divided into three 
compartments of size 10 m x10 m. Each 
compartment was provided with two inlet valves, of 
which one valve was for fresh water and the other 
one was for brackish water. The pond was designed 
in such a way that the water in the tank can be 
pumped out at regular intervals in order to prevent 
dust accumulation and algal growth.  

Fifteen superior cultivars of water lily were selected 
and procured after scientific appraisal of various plant 
morphological characteristics and color and size of 
the flowers from Shanghai Xinhai Cultivation of 
Flowers Co., Ltd, China. The planting materials were 
covered with a mixture of sphagnum peat moss and 
perlite to retain moisture, and were labeled 
separately along with source information before 
transport. The plants were transported via airmail to 
KISR after taking all the required quarantine 
measures to avoid any seed borne diseases from 
entering into Kuwait. Immediately after arrival at 
KISR, the materials were removed from the moist 
packaging materials, cleaned well and stored 
temporarily in plastic trays and buckets filled with 
water. Immediately upon arrival at KISR, they were 
closely inspected for any pest or disease infestation 
and then immersed in 1% solution of potassium 
permanganate (KMnO4) for ten minutes, and 
subsequently rinsed with cold water. 

The experiment details are given in Table 1. Three 
replicates of each variety were tested in a Completely 
Randomized Design.  

One gallon containers were filled with a growing 
medium comprising of sand: sphagnum peat moss in 
2:1 (v/v) which was thoroughly soaked for 
compacting. The rhizome was placed at the center of 
the container and covered with the growing medium 
with the crown of the plant at soil level. Care was 
taken to bury the rhizome not too deep in the soil. 
Placing the growth center exactly at soil level is very 
important since burying can cause damage to the 
plant and leaving it too high above soil level will not 
let the new roots establish properly. The top portion 
of the containers was filled with one inch of sand to 
prevent the top soil from discoloring the pond water. 
The containers were then placed in the pond 
compartments filled with fresh water. 

Once the plants were established, aquatic fertilizer 
tablets were inserted in the growing medium about 
two inches from the rhizome. No incidences of pests 
or diseases were detected during the assessment 
period. Flowers fade after about three to five days; 
and leaves last for a few weeks and then fade away. 
Both spent flowers and aging leaves were being 
removed periodically so that they do not add to the 
nutrient load in the pond as they decompose.  

For optimum growth of water plants, the pond water 
should have a neutral or slightly alkaline pH (in the 
range of 7 to 8). When the pH becomes too alkaline 
or too acidic, plant growth is weakened, and it is 
unable to absorb nutrients. In order to maintain an 
optimum pH in the pond, care was taken to cover 
only 50-70% of the water surface with the plants. 
Routine removal of sludge and decaying organic 
matter was carried out to maintain optimum pH. 
Water samples were collected at periodic intervals to 
determine the pH, and the results were found to be 
within the permissible range. Since water in the pond 
was used for irrigating the terrestrial plants at the site, 
incidence of algal growth, insect infestation and 
growth of microorganisms were kept under control.  

Data on petiole length, number of leaves, number of 
flowers and leaf width were measured on monthly 
basis to evaluate the growth performance of plants. 

RESULTS AND DISCUSSION 
Data on different vegetative and reproductive 
parameters were recorded and statistically analyzed 
using R method. The analysis provided a clear 
picture on the performance of different water lily 
varieties under arid conditions.  
 
Tables 1 to 5 present number of leaves, petiole 
length, leaf width, and number of flowers of water lily 
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varieties. Table 2 shows that the number of leaves 
produced were significantly different among the 
different varieties during the study period. T1 (N. 
mexicana) produced the highest number of leaves at 
9 MAP (15.71) followed by T7 (N. odorata) and T15 
Nymphaea odorata rosea, with 14.44 and 10.21 
leaves, respectively.  
 
After planting, the plants started growing rapidly 
during summer season (July to October); while the 
plants remained dormant throughout the winter 
season. The indicator leaves which remained 
dormant, started growing normally during March, and 
the petiole length was also found to increase. 
Regarding petiole length, at 9 MAP, Treatment T5 
(Nymphaea rosea.) produced leaves with the 
greatest petiole length (33.17 cm) compared to other 
varieties followed by Treatment T1 (N. Mexicana) 
with a value of 25.00 cm (Table 3). The smallest 
petiole length, 10.88 cm, was recorded in Treatment 
T7 (N. odorata).  
 
Table 4 indicates the average leaf width of the plants 
during the period of study. Treatment T5 (Nymphaea 
rosea) produced the greatest leaf width (11.23 cm) 9 
MAP, followed by Treatment T4 (9.42 cm). Statistical 
analysis (R Method) showed that the treatments were 
highly significant during the period of study, except at 
1 and 4 MAP, when they were not found to be 
significant.  
 
Among the 15 water lily varieties tried, nine varieties 
started flowering during summer season. Regarding 
the number of flowers produced T4 (Nymphaea 
texas) produced the highest number of flowers (1.33) 
at 1 MAP (Table 5). The flowers are cream colored 
with green leaves having purplish undersides. New 
leaves have purple speckles on them.  
At 2 MAP, T14 (Nymphaea sunrise) produced the 
highest number of flowers followed by T4 (Nymphaea 
texas) and T11 (Nymphaea chromatella) and T12 
(Nymphaea masaniello). The flowers of N. sunrise 
were white-yellow in color with green speckled 
leaves. Star shaped semi double fragrant flowers, 
held high with characteristic slightly hairy stems. 
Flowers of Nymphaea chromatella are canary yellow 
colored with olive green leaves having bronze 
markings. Nymphaea masaniello flowers are pink 
with lighter tips and green leaves. At 2 MAP, T6 (N. 
Perry’s Baby Red), T8 (Nymphaea colorado) and T10 
(Nymphaea alba) (European white water lily) 
produced same number of flowers (0.67). For N. 
Perry’s Baby Red, the flowers were deep red in color 

with medium to dark green leaves. The flowers of 
Nymphaea colorado were peach colored, starting 
yellow with pink in spring, then smoked salmon in 
summer. New leaves are mottled in burgundy, 
maturing to green. For Nymphaea alba, the flowers 
were white with many small stamens. 
 
T11 (Nymphaea chromatella) produced maximum 
number of flowers at 3 MAP (1.13). At 4 MAP, T7 
(Nymphaea odorata), T2 (Nymphaea sumptuosa) 
and T3 (Nymphaea marliacea carnea)  produced 
same number of flowers (0.33). Nymphaea 
sumptuosa flowers were red in color. Nymphaea 
odorata flowers were radially symmetric with 
prominent yellow stamens and many white petals 
with round leaves. Winter indicator leaves were 
common in Nymphaea odorata. Statistical analysis (R 
Method) showed that the treatments were significant 
at 1, 2 and 3 MAP and found to be non significant at 
4 MAP.  
 
During the onset of winter, flower production has 
been ceased and started flowering with the onset of 
summer. From 5 to 8 MAP (winter season), flower 
production was ceased completely. At 9 MAP (in 
March), flower bud production started and the 
treatments were found to be highly significant. At 12 
MAP, T7 (Nymphaea odorata) produced the highest 
number of flowers followed by T6 (N. Perry’s Baby 
Red) and the treatments were found to be highly 
significant. 
Table 1. Treatment Details 

Treatment No. Name of Variety 
T1 Nymphaea mexicana 
T2 Nymphaea sumptuos 
T3 Nymphaea marliacea carnea 
T4 Nymphaea texas 
T5 Nymphaea rosea 
T6 N. Perry’s Baby Red 
T7 Nymphaea odorata 
T8 Nymphaea colorado 
T9 Nymphaea Almost Black 

  T10 Nymphaea alba 
  T11 Nymphaea chromatella 
  T12 Nymphaea masaniello 
  T13 Nymphaea Fabiola Pink 
  T14 Nymphaea sunrise 
  T15 Nymphaea odorata rosea 



Am. J. Sci. Ind. Res., 2011, 2(1): 122-128 
 

 125

 
Table 2. Average Number of Leaves Produced 

Treatment 1 MAP 2 MAP 3 MAP 4 MAP 5 MAP 6 MAP 7 MAP 8 MAP 9 MAP 
T1 3.84 4.92 4.92 4.28 4.78 4.22 6.75 7.19 15.71 
T2 6.44 9.15 8.88 3.96 4.10 5.85 3.77 5.00 8.73 
T3 16.83 7.39 7.44 2.52 2.52 6.58 4.75 5.63 12.31 
T4 7.27 8.60 8.53 3.57 3.93 3.10 4.93 7.58 10.47 
T5 4.38 6.92 6.57 5.05 4.78 3.32 7.68 6.72 9.48 
T6 6.82 4.19 4.19 6.09 6.38 5.53 8.15 4.07 8.08 
T7 6.33 4.57 4.57 9.64 10.20 11.70 9.03 6.37 14.44 
T8 5.76 5.84 5.84 10.43 10.56 9.11 8.77 4.77 8.27 
T9 4.94 3.06 3.06 6.58 4.75 5.11 5.17 5.86 7.19 
T10 3.39 3.23 3.23 1.96 2.34 7.46 6.42 5.56 7.71 
T11 29.96 20.67 20.67 3.90 4.19 6.38 13.05 8.24 7.52 
T12 4.06 8.10 8.10 4.33 4.55 4.07 6.10 7.25 9.05 
T13 3.39 3.86 3.86 2.33 2.53 2.08 3.72 4.00 3.72 
T14 5.56 11.82 11.82 3.36 3.51 2.61 2.75 4.60 9.85 
T15 8.33 10.00 10.00 5.67 6.33 3.33 11.00 4.15 10.21 

Significance *** *** *** *** *** *** *** *** *** 
SEM +4.10 +1.57 +1.58 +0.94 +0.66 +0.63 +1.29 +0.84 +2.02 

MAP: Months After Planting; ***: Significant at P< 0.001; SEM: Standard Error of Mean,  SEM-Standard Error of Mean 
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Table 3. Average Petiole Length of Leaves Produced 
Treatment 1 MAP 2 MAP 3 MAP 4 MAP 5 MAP 6 MAP 7 MAP 8 MAP 9 MAP 

T1 26.37 56.46 56.46 43.79 44.92 5.33 27.14  21.21 25.00 
T2 35.71 66.26 64.43 51.22 51.29 7.56   2.99    5.60 21.67 
T3 100.41 62.19 60.48 53.52 53.52 4.55 10.20  10.12 23.11 
T4 39.00 56.27 53.80 50.65 51.40 5.64   2.37  12.29 28.71 
T5 29.83 41.00 41.00 36.00 50.50 4.32   1.53  21.43 33.17 
T6 37.50 46.27 46.27 35.05 37.40 4.63   7.37    3.47 13.43 
T7 35.06 50.88 50.88 42.58 43.83 5.47  2.33    5.18 10.88 
T8 33.70 33.70 33.70 38.33 38.96 5.74 5.59  23.42 22.41 
T9 42.58 51.47 51.47 39.08 5.78 6.06 2.03    4.69 13.89 

T10 31.21 42.63 42.63 39.13 40.67 4.44 3.66  10.68 16.74 
T11 29.40 60.71 50.10 46.21 46.76 3.29 4.43    4.33 11.95 
T12 33.75 57.42 57.42 47.18 47.25 5.28 1.43    6.77 21.67 
T13 26.28 47.58 46.00 44.67 46.00 2.72 1.94   3.94 13.75 
T14 32.12 58.71 58.71 43.16 44.22 2.06 1.91   4.37 22.79 
T15 38.67 61.33 43.33 50.33 51.33 4.00 3.00   4.05 23.75 

Significance NS *** *** NS *** *** *** *** *** 
SEM - 0.76+ 1.10+ - +2.19 +0.52 +2.30 +2.35 +2.35 

MAP: Months After Planting; NS: Not significant; ***: Significant at P< 0.001; SEM: Standard Error of Mean 
NB: Petiole lengths are given in centimeters. 

Table 4. Average Leaf Width Produced  
Treatment 1 MAP 2 MAP 3 MAP 4 MAP 5 MAP 6 MAP 7 MAP 8 MAP 9 MAP

T1 5.31 8.26   8.26 6.80 6.80 32.28 5.42 6.14 6.60 
T2 8.22     12.21 11.76 9.50 9.50 34.06 2.78 3.40 8.83 
T3      22.89     10.23   9.90 7.94 7.94   6.13 3.62 4.21 7.83 
T4 9.37 9.37  8.77 7.58 7.87 34.80 4.04 5.11 9.42 
T5 5.39 8.94  8.81 8.63 7.47 10.27 5.73 7.42     11.23 
T6 6.58 6.67  6.67 6.47 6.23 24.20 3.97 5.20 5.48 
T7 6.97 7.94 7.94 6.07 6.43 27.39 4.57 3.88 5.79
T8 7.52 8.64 7.89 5.86 6.11 32.98      35.64 4.44 5.03 
T9 9.35 8.21 8.21 5.86     34.31 34.78 4.28 3.64 4.33 
T10 8.24 9.91 9.91      13.02 7.33   6.19     14.51 3.95 4.62 
T11 5.84 8.67 6.52 6.43 6.36 12.62 2.64 2.48 4.14 
T12 7.82 9.13 9.13 9.00 9.28 23.03 4.02 4.47 8.43 
T13 5.00 3.83 3.83 4.33 5.31 11.86 3.08 2.78 5.19 
T14 7.91 8.54 8.54 6.06 6.06   4.06 3.88 2.99 8.62 
T15 8.00      10.83 6.50 7.33 7.00 21.00 4.67 2.83 8.29 

Significance NS *** *** NS *** *** *** *** *** 
SEM -     +0.76      +1.10 -     +0.62      +4.55     +1.38     +0.61     +0.76 

MAP: Months After Planting; NS: Not significant; ***: Significant at P< 0.001; SEM: Standard Error of Mean 
NB: Leaf widths are given in centimeters. 
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Table 5. Average Number of Flowers Produced  
Treatment 1MAP 2MAP 3MAP 4MAP 9MAP 12MAP

T1 0.00 0.00 0.00 0.00 0.00 14.00 
T2 0.67 0.67 0.67 0.33 0.00 40.00 
T3 0.00 0.33 0.67 0.33 0.00 33.00 
T4 1.33 1.00 0.67 0.00 0.33 40.00 
T5 0.00 0.00 0.00 0.00 0.00 20.00 
T6 0.00 0.67 0.00 0.00 0.00 58.00 
T7 0.33 0.00 0.33 0.33 0.00 167.00 
T8 0.33 0.67 0.67 0.00 1.13 42.00 
T9 0.00 0.00 0.00 0.00 0.00 13.00 

T10 0.00 0.67 0.00 0.00 0.00 22.00 
T11 0.00 1.00 1.42 0.00 0.00 54.00 
T12 0.00 1.00 0.00 0.00 0.00 41.00 
T13 0.00 0.00 0.00 0.00 0.00    8.00 
T14 0.33 1.80 1.13 0.00 0.00 57.00 
T15 0.00 1.00 0.00 0.00 0.00   6.00 

Significance ** ** * NS *** *** 
SEM +2.81 +4.33 4.44+  +1.35 +7.15 

MAP: Months After Planting; NS: Not significant;  
***: Significant at P< 0.001 levels; **: Significant at P< 0.01;  
*: Significant at P< 0.05;  
SEM: Standard Error of Mean 

 
In general, during the months of July to October, the 
plants grew well and from November to February, 
they went dormant. During dormancy, the growth was 
drastically reduced with indicator leaves remaining 
submerged underwater. These leaves which were 
thin and transparent were left untouched. Water lilies 
need a period of winter dormancy in order to resume 
proper growth in the spring. Since they remained 
dormant during winter, fertilizer was not applied and 
after winter when they started developing some 
floating leaves, fertilizer tablets were inserted into the 
pots. 
 
Further studies on the long-term performance of 
water plant varieties in the field will be conducted to 
authenticate the growth of suitable water plant 
varieties in Kuwait. 
 
CONCLUSION: 
Results from the trial indicated that a number of water 
lily varieties performs well and have good potential 
for growth and adaptability to the climatic conditions 
of Kuwait. Varieties such as N. mexicana, N. 
sumptuosa, N. texas, N. rosea, N. Perry’s Baby Red, 
N. colorado, N. odorata, and N. sunrise, produce 

attractive floating foliage and gorgeous flowers of 
various colors.  
 
Plant growth and productivity are greatly affected by 
the environmental conditions especially the seasonal 
differences. From the results, it can be concluded 
that the water lily varieties studied are primarily day 
length dependent, depending on the number of hours 
of sunlight to start growing in the summer or stop 
growing in winter. They need a period of winter 
dormancy in order to resume proper growth in 
summer. During winter months (November to 
February) the plants remained dormant due to the 
low light intensity and few daylight hours. The growth 
was drastically reduced with indicator leaves 
remaining submerged underwater. In the month of 
March when the weather became warm, the plants 
resumed their growth activities after dormancy. 
During summer, when high light intensities and total 
day light hours prevail, plants resumed their growth 
and started blooming. Results conclusively show that 
irrespective of the cultivar, flower production varied 
during different seasons.  
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